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The sparing action of the tocopherols on the
storage of vitamin A in animals is a well known
biological phenomenon. Moore (1) and Bacharach
(2) demonstrated that the vitamin A reserves of
rats kept on vitamin E deficient diets for long
periods of time were much lower than the liver
stores of animals receiving vitamin E. Later
studies confirmed and elaborated on the anti-
oxidative property of orally administered to-
copherols and its relation to the stores of vitamin
A (3-9).
In our previous investigations it was demon-
strated that vitamin A is absorbed percutaneously
(10, 11) as shown by liver storage following topical
application. The present investigation was under-
taken to determine whether vitamin E affects the
amount of vitamin A stored in the liver and
kidney of rats following topical application of
vitamin A in "A"-deficient animals.
EXPERIMENTAL
The animals used were litters of an inbred
Wistar strain of albino rats, born of healthy dams
raised on the stock diet of Bills (12). At 21 day8 of
age, the animals were weaned and started on a
vitamin A test diet (U.S.P. XIV).' This diet con-
tains approximately 5 mg. of tocopherols per 100
g. of diet. The animals were weighed daily until
the body weight remained stationary for 7 days
and/or xerophthalmia developed. The rats were
then distributed equally as to number and sex
within the experimental groups. The experimental
groups were as follows:
1. Oral administration of vitamins A and E.
2. Oral administration of vitamin A.
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3. Topical application of vitamins A and E.
4. Topical application of vitamin A.
The concentration of vitamin A in this experi-
ment was kept at 30 y per day and that of vitamin
B at 300 per day.
Vitamin preparations employed were made in
the laboratory from dilutions of concentrated
crystalline vitamin A acetate2 and mixed to-
copherol solution8 in corn oil rendered free of vita-
min A and E according to the method described
by Gottlieb et al. (13).
Oral administration of the vitamin preparations
in 0.1 ml. of oil was made to the rats via stomach
tube. Topical application was made to the scapular
region of the animals. On the day before complete
depletion occurred, a 3 cm.' area of shin in the
scapular region was shaved with a safety razor. At
depletion, the vitamin preparation was applied to
the surface of the skin and the area covered with
cotton wool. A white cardboard shield was placed
over this to protect the area. This "pack" was
secured in place with strips of gauze bandage and
adhesive tape in such a manner that a "figure-8"
pattern was produced under the fore-legs, across
the thorax, and over the back, where it was at-
tached. Daily application of the preparation was
made onto the skin under the "pack". The prepa-
ration was spread on the skin by exerting slight
pressure on the "pack". At weekly intervals, the
entire "pack" was removed and replaced with a
fresh one. Each animal was housed in a separate
cage to prevent the ingestion of the vitamin
preparation from another's "pack".
At the end of the 28 day experimental period,
the animals were sacrificed by phlebotomy of the
left jugular vein under light ether anaesthesia.
Vitamin A analyses were performed on the blood
serum, using the activated glycerol dichlorohydrin
method of Sobel and Snow (14). Liver and kidney
tissue was analyzed for vitamin A, using a modifi-
cation of the method of Bessey et al. (15), of xylene-
kerosene extraction. Finely minced liver and kid-
ney tissue, weighed and cleansed of extraneous
fat and connective tissue was placed in a 125 ml.
flask containing 1 N alcoholic KOH (5 ml. per g.
tissue). The tissue was refluxed with the base on a
boiling water bath for 20 minutes or until a
'Kindly supplied by Hoffman-LaRoche, Inc.,Nutley, N. J.
8 Kindly supplied by Endo Products, Inc.,Richmond Hill, N. Y.
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homogeneous solution resulted. Sufficient distilled
water was then added to bring the total volume up
to 50 or 100 ml. in volumetric flasks. Aliquots of
the saponified mixture were extracted in all-glass
extraction tubes with portions of 1: 1 mixture of
xylene, C.P., and kerosene, C.P. The extractant
was centrifuged, and when necessary, diluted to
insure a concentration of 0.5 to 3.0 y per ml. of
vitamin A. The light absorption of the final
dilutions were read in a Beckman D.U. Spectro-
photometer at 328 ms against a xylene-kerosene
blank. A correction was made for interfering sub-
stances that may also give an absorption at 328
mp by destroying the vitamin A with ultraviolet
irradiation for 1 hour. A post-irradiation reading,
at the same wavelength, served as a blank for each
individual sample. The total vitamin A content
of the liver and kidney tissues were calculated by
reference to a standard vitamin A curve, taking
into account the dilution and aliquot of the
samples.
Vitamin E analyses were performed on the blood
serum, using the mieromethod of Quaife, et al.
(16).
RESULTS
The present investigation was concerned with
comparing oral with percutaneous absorption of
vitamins A plus E, and of vitamin A alone as
measured by liver and kidney storage of vitamin
A. The concentration of vitamin A in this experi-
ment was kept at 30 y per day and that of vita-
min B at 300 y per day. The results of the ex-
periment are given in Table I and Figure 1.
It may be observed from Table I that whether
the route of entry of vitamin A into the rat be
oral or through the skin the percentage of the
administered dose of vitamin A which can be
stored in the liver and kidney is significantly
enhanced by the presence of vitamin E in the
medium. When liver and kidney storage of vita-
min A is compared within the groups, it is seen
that those animals given vitamin A and E orally,
stored approximately twice as much vitamin A as
those given oral vitamin A alone. This same rela-
tionship holds true for animals receiving topical
administration of the vitamins (Fig. 1).
The animals receiving oral vitamins A and B
stored approximately five times as much vitamin
A in their livers and kidneys as did those animals
receiving topical application of both vitamins.
This same proportionality between oral and
topical administration was also observed in the
animals receiving vitamin A alone. Thus it ap-
pears that in both instances, absorption of vita-
min A from the gastrointestinal tract is approxi-
mately five times greater than transfer of a
similar dose of "A" through the skin.
The serum vitamin A was not significantly
different in any of the groups, and the serum
TABLE I
The effect of vitamin E on the storage of vitamin A (topical and oral administration)
Type of Treatment
Number
of
Animals
Liver and Kidney Stores of Vitamin A
Serum
Vitamin A
Serum
Vitamin E!1
7/total 1 % of admin-istered dose % of controlgroup
Oral, per day, 30 "A," 300 "E"
Oral, per day, 30 "A"
"p"
5
4
459f
228
<.01
47.0
23.2
<.01
54
28
<.01
100
47
7%
34
41
.4
7%
890
430
.05
Topical,perday,30"A,"300
"E"
Topical, per day, 30 "A"
"P"
10
10
91
49
<.01
13.0
5.9
.01
10
6.2
<.01
19
11
33
37
.3
415
350
.4
* The group receiving Oral "A" plus "E" is the control group and is arbitrarily designated as 100.
f Mean Standard Error.
The results are evaluated by the statistical method of Fisher (17). When P is less than .05, the
difference between the means is regarded as statistically significant.
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E on the percutaneous absorption of vitamin A
cannot be elucidated from the present study.
However, one may speculate that in this instance
vitamin E acts as an antioxidant much as it does
in the oral absorption of vitamin A.
SUMMARY
1. The sparing action of vitamin E on the
storage of vitamin A is not limited to oral ab-
sorptions of the vitamins. It is also valid in the
percutaneous absorption of the vitamins since
the combined form results in a greater increase
in liver and kidney stores than does vitamin A
alone.
2. It is conjectured that in this instance, the
sparing action is due to the antioxidative prop-
erty of the tocopherols.
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FIG. 1. Liver and kidney storage of vitamin A.
Refer to Table I.
vitamin E was significantly increased only in
those animals given oral vitamins A and E.
DISCUSSION
The results of the present investigation indi-
cate that the sparing action of the tocopherols on
the storage of vitamin A in the rat applies not
only to the oral administration of the vitamins,
but to the topical application method as well.
In our previous investigations into the percu-
taneouS absorption of vitamin A (10, 11) it was
found that the type of vehicle in which the vita-
min A was contained significantly influenced the
amount of "A" transferred through the skin and
stored in the liver and kidney of the rat. The
present data indicate that the presence of to-
copherols must be considered when comparing
vehicles since tocopherols can significantly modify
the efficiency of a vehicle in its ability to transport
vitamin A across the skin. However, it must be
borne in mind that there are probably many
other factors intrinsic to a vehicle which can
influence the degree of percutaneous absorption
of vitamin A.
Although the skin is capable of transferring
vitamin A into the organism, it appears to be
only one-fifth as efficient as the gastro-intestinal
tract in promoting liver and kidney stores of the
vitamin.
The actual mode and site of action of vitamin
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